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ABSTRACT

In thisreport present the data about the chemical com-
position of the aerosols producing by the forest firesin
Siberia.
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INTRODUCTION

Forest fires are a powerful source of environment pol-
[ution. The volume and composition of emissions de-
pend on the type and amount of vegetation fuel, veg-
etation type, meteorological conditions, and combus-
tion regimes. Due to the complexity and diversity of
factors that influence the combustion products, so far
thereare no strict theoretical model swhich would make
it possible to calculate the above mentioned character-
isticsby theinitial data. That iswhy our knowledge of
the structure, composition, particle sizedistribution and
number concentration of aerosol formed in the pro-
cess of biomass burning had been obtained as a result
of rather complicated and expensive experiments in
various forest vegetation zones.

Today the most complete data have been obtained in
measuring aerosol characteristics burning of forestsand
savannas of the tropical zones. Asto characteristics of
aerosol formed in burning of forests at middle lati-
tudes of the Northern Hemisphere and boreal forests
they are scarce and fragmentary (Joel S. Levine, 1996).

The proximity of boreal foreststo the Arctic region is
extremely important also from the point of view of elu-
cidation of the influence of the influence of biomass
combustion processes on the climate, since this zone
is the most sensitive to changes of climate conditions.

Approximated estimations show that every year about
10 million ha undergo fires in the territory of Siberia.
As aresult up to 20 million tons of biomass get burn
during 4 — 5 months of fire-hazardous period. In the
present paper data are presented on the amount and
chemical composition of aerosol generated by forest
fires. These data were obtained in 1993 during an
international experiment of FIRESCAN — Fire
Research Campaign Asia— North (J. G Goldamer et
al., 1996) and in 1997 during monitoring atmospheric
aerosol in Novosibirsk region in frame of project “
Siberian Aerosol” (K. P. Koutsenogii, P. K.
Koutsenogii, 1997).

RESULTS

A Large Forest Fire

The detail description of experimental siteisin (G J.
Goldamer et al., 1996). Samples of aerosols formed
during combustion were collected from the smoke col -
umn at heights of 500 to 1500 m using four sampling
devices mounted on an MI — 8 helicopter chassis (N.
S. Bufetov et al., 1994).

The multielemental content of aerosol particles of dif-
ferent size was determined by X-ray — fluorescence
(XRF) method then the characteristic spectrum excited
by synchrotron radiation (SR). For sampling use two
cascade virtual impactor divided the aerosol particles
on two fractions. The first one was coarse particles
(d>1 mkm), the second one was fine particles (d<1
mkm).

The method of determining the multielemental com-
position of aerosol by SRXRF analysisis described in
(V. B. Baryshev et al., 1995). The impactor param-
eters were calculated according to method described
in(B.W. Loo, C. P. Cork, 1988). The detailed experi-
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mental datarepresentin (N. S. Bufetov et al., 1994, K.
P. Koutsenogii et al., 1996). Figure 1 shows the
multielemental composition of coarse and finethe back-
ground atmospheric aerosol and the aerosol particles
emitted by the large forest fire. On the vertical axis
plotted an enrichment factor (EF) calculated by (1),
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Figure 1. Enriching factor for different elements in the background atmospheric aerosols (blue
columns) and in the aer osols of smoke columns of the forest fire (r ose columns).
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The symbols “aer” and “crust” means the mass con-
centration in aerosol and earth core. The size, shape,
number and mass concentration of aerosol particles
was determined by scanning electron microscopy
(SEM) analyzing the aerosol deposit on Nuclepore fil-
ter. The results of SEM analysis present in the Table
1

C Mass
L Number  concent
A Shape Particle concen-  ration
2 size, mkm tration  m;, mkg
n, m> m?
li n_d
1 FElongated, 130 35 700 90
fibrous
2 Elongated, 50 10 1,810° 700
fibrous
3 Angular- 2 8-10° 30
rounded
4 Almogt 04 27.10° 90
sphhercal

Table 1. The size, mor phology and concentration of
aerosol determined by SEM.

Thetreatment of €l ectron microscopic photographswas
carried out according the following relations:

n=SN/Q i=1-4, 3)

Where n, Ni are number concentration (m®) and de-
posit density (m?) of particles of the i—th class, Sis
the filter surface (m?), Q is the total volume flowed
through the filter (mq).

m=(1t/4)-p;l-h>n i=12 4

m=(m/6)-p,- d*n =3, 4 (5)

P, M, I, n, d are density, mass concentration,
length, width, diameter of the aerosol particle of i-th
class.

Surface Forest Fire

At the beginning of October 1997 year arose a smog
situation on greater territory of Western Siberia. This
is a smog formation were generated by burning of
woods, peat and straw in Novosibirsk in Novosibirsk’s,
and Tomsk’s regions, Krasnoyarsk and Altai territo-
ries. In such a contingency we attempted to obtain
data on changes of composition of aerosol particlesfor
such components: total mass concentration (M), or-
ganic (C,) and elemental (C) carbon, anionic ( NH,*,
Ca*, Mg*, Na', K* ) and cation (HCO,, CI,, NO

SO,’) content, multielemental composition. Theionic
and carbonaceous content have to be of great impor-
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tance exert on the climate. Aerosol samplings were
performed continuously during 30 days at the height
of 3 m over the earth’s surface, simultaneously or in-
dependently, in Klutchi-village (40 km to the south of
Novosibirsk, from 1 to 30 October 1997), Karasuk-
station (400 km to the South-West of Novasibirsk, from
4 October to 2 November 1997).

Figure 2 represents the sampling sites in Novosibirsk
region. The aerosols were sampled on the glass fiber
paper (Dassel 50 mm, Germany) with the volume flow
rate of 1.8 m? h! for the Karasuk samples and 1.4 m?
h for the Klutchi ones. The duration of each sam-
pling was 24 hours, the total air volume was 30-40 m?
per afilter. Simultaneously, the polymeric fiber filters
(AFA-ChA, 20 cn??, Russia) were used (13 mé ht, 24
hours) in order to measure the concentration of some
ionsin the air.
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Figure 2. Map of Novosibirsk region.
® - gerosol sampling site

A quarter of each glass filter was used to measure the
guantities of organic and inorganic carbons. The
method is based on a catalytic conversion of organic
substances or black carbon to methane, followed by a
gas-chromatography determination of methane by
flame-ionization detector. A half of each polymeric
filter and 3 ml of water were then used to extract the
ions followed by the ion-chromatography determina-
tion.

On Figure 3adrawn the daily variation NO3 and SO,*
concentration in Karasuk. One square centimeter of
each polymeric filter used to determinate the
multielemental composition by SRXRF.

The similarly depends in Klutchi shown on Figure 3b.
The mass concentration ratio different elementsin agro-
sol sampling during forest fire and background period
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Figure 3. The aerosol chemical composition during
the surface forest fire.

Cor - organic carbon

M -total mass concentration

Ce - elementa carbon
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present on Figure 3c. Theblue column areresultsfrom
Klutchi. The rose one are results from Karasuk.

The similarly ratio for total mass concentration, or-
ganic and elemental carbon, also ionic composition
shown in Figure 3d. On the vertical axis of Figure 3c
and Figure 3d plotted the ratio of the relative mass
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concentration i-th element (X) according (2) during
fire period (X,.);,, to background value (XiFe)backgmund.
The first magnitude is mean value of Xi for the time
period when NO, concentration is excess or equal to
SO,* one.

From these diagrams it is clear that for forest fire in
the mass concentration any element in the aerosol
chemical composition increase from 1,5 to 4,5 times.
The concentration some ion may increase more height
time.
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